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During the past few years, the clinical usage of the adrenal cor-
tical hormones has increased at a much faster rate than knowledge con-
cerning the effects, beneficial or otherwise, that these hormones have 
on the body. Also, little is known concerning the mechanism of the 
response of the organism to the adrenal cortical hormones following 
various forms of stress stimuli, despite the fact that these hormones 
are used extensi vel y for the treatment or experimental treatment of a 
great number of diseases. One of the more controversial questions at 
the present time concerns the effect of the use of the adrenal cortical 
hormones in the treatment of secondary shock following thermal burns. 
Inasmuch as there is no known method of determining the 
amount of hormone to be used in the case of secondary shock following 
thermal burns, our problem was to see if there was any change in the 
blood picture after a burned animal was treated with cortis one acetate 
(Cortone Merck). More specifically ~ it was decided to see if there was 
any correlation between the blood picture of an untreated, burned animal 
and one which had received the hormone and to correlate the amount of 
change with the amount of hormone used. In preliminary experiments 
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involving burned animals treated with cortisone the blood picture followed 
much thesarne pattern as it did in the case of other stimuli, such as 
histamine. Varied results were obtained, that were hard to understand, 
concerning the mortality rate of the different groups of experimental 
animals which received different doses of cortisone. Therefore the ac-
cent of the proble.m was shifted from the correlation of blood cell counts 
with the use of specific doses of cortisone, to the effect on the mortality 
of burned animals produced by varying doses of this hormone. 
The importance of the mortality rate following treatment with 
cortisone and other adrenal cortical hormones became evident as the 
literature was reviewed. There seemed to be a difference of opinion 
between the clinicians and the experimental workers as to the effect of 
different adrenal cortical hormones on the mortality of burned indi-
viduals or animals. The phase of the work concerning the effect of 
cortisone acetate in the treatment of secondary shock following a thermal 
burn, was undertaken to see whether or not the mortality rate was signi-
ficantly affected by varying the dose of hormone given in different 
groups of animals, all burned with a standard size burn. The, following 
experiments were conducted to study the mortality rate in burned ani-
mals. 
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Preliminary experiments showed that a burn covering an area 
of 346 mm2 proved lethal to an adrenalectomized mouse within 24 hours. 
This same amount of burned surface of intact mice of the same age, 
weight, sex, and strain did not kill the animals within 24 hours or even 
within one week. In the first experiment, an effort was made to deter-
mine the degr:ee of protection that could be afforded to groups of ad-
renalectomized mice all burned with the same sized burn, but treated 
with graded doses of cortisone. The results of this experiment showed 
that some degree of protection to the animal was secv.red by the ad-
ministration of cortisone, but the degree of protection with any dose of 
this hormone was not equal to that found in an intact animal. 
In the second experiment using intact, non-adrenalectromized 
animals, it was noted that it took a burn of twice the area (a double burn) 
as that used on the adrenalectomized animals to kill them within 24 hours. 
These intact animals were all given the same double burn and were 
treated with varying doses of cortisone to see the effect of cortisone on 
their mortality. The dose that provided the most protection for these 
animals was the same dose as that which provided the gr~atestpro­
tection in the adrenalectomized animals. This dose, 0.05 mg. per Z4 
hours, has also been reported to be the physiological dose in this parti-
cular strain of mice (Z 5). 
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Inasmuch as this dose proved the most benefical to both groups of ex-
perimental animals, adrenalectomized and intact, the question arose 
as to whether or not the adrenal gland in the intact anim.al was so 
affected as a result of the double burn that it could not respond by 
secreting any protective hormone. In order to investigate this problem, 
adrenocorticotrophic hormone (ACTH) was injected in varying doses to 
see if the adrenal could respond to this stimulation. Intact animals 
were used and subjected to the double burn and treated with varying 
doses of ACTH. The resulting mortality seemed to indicate that the 
adrenal gland in the mouse following a severe burn was not capable of 
responding to the stimulation of ACTH. 
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I I. REVIEW OF LITERATURE 
The Effect of Adrenal Cortical Hormones 
on Secondary Shock After Thermal Burns 
A. Effect of Adrenal Cortical Extract 
In 1933 Swigle and Pfiffner (1) and their associates showed the 
similarity between the clinical picture of traumatic shock and that of 
bilaterally adrenalectomized animals particularly noting the marked 
concentration of blood and hypotension occurring in each. By use of 
the extract of the suprarenal cortex they were able to correct the con-
centration of blood and the hypotension in these animals promptly and 
repeatedly. They, therefore suggested the use of extract of the supra-
renal cortex in the treatment of traumatic shock. 
E. G. Bannick (2) in his discussion at the Symposium on Acute 
Burns, made this statement concerning the suggestion of Swigle as to 
the use of adrenal cortical extracts in the possible treatment of burns. 
I can see no reason for the use of the extract of supra-
renal cortex. However, in case s of shock when extensive 
burns are combined with fracture, the use of the extract 
of suprarenal cortex should be kept in mind and tried if 
other measures have failed to produce satisfactory re-
sults .. 
In 1936, w. C. Wilson (3) at the Royal Hospital fOr Sick 
Children in Edinburgh repo,rted the following: 
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A child, age 3 1/2, was admitted to the hospital after hav-
ing been scalded with boiling water two hours previously. The 
burned area covered approximately 25% of his body area. No 
shock was present on admission and no secondary shock de-
veloped. The first sign of toxaemia vomiting of altered blood, 
appeared at 15 hours after injury. At Z2hours toxaemia be-
cam.e severe. The pulse-rate and rectal temperature rose 
rapidly; the systolic blood pressure remained unaltered but 
the pulse pressure decreased; there was marked restlessness 
combined with apathy. The skin became pallid, mottled, and 
cold; the lips, cheeks, and ears became ashen-grey, the eyes 
sunken, the pupils dilated. In spite of reapplication of tannic 
acid on three occasions the intravenous infusion of gum saline 
at 43 hours the condition rapidly deteriorated.. By 45 hours 
the heart-rate has reached 200 per minute and the signs of 
impending death were evident. At 45 hou.rs subcutanious in-
jections of eucortone were begun. After the initial injection of 
0.5cc, doses of Icc. were given 4-hourly. At about 30 
minutes after the first injection of 1 cc., a distinct change was 
remarked. The skin had become warms the areas of erythema 
,,~ around the tanned portions, previously obscured by pallor, had 
reappeared, the lips and ears were pink, and other signs of an 
active circulation in the capillaries of skin and mucous mem-
branes were obvious. In addition to a mental state of intense 
irritability, distress, and partial stupor had been replaced by 
one of quiet yet attentive restfulness. The injections were dis-
continued between 52 and 64 hours; the condition became again 
serious towards the end of the period, but improvement followed 
readministration of the extract which was carried onto 11 hours. 
By 82 hours all toxic signs and symptoms had disappeared, ex-
cept that the temperature remained moderately elevated; the 
heart rate had decreased to 120 per minute. There was no 
further recrudescence of toxaemia and the subsequent course 
was uneve.ntful. The lesions were entirely healed by the thirty-
fourth day. 
This rather detailed description is offered here because it is so 
typical of most of the clinical reports concerned within this study, and 
because it also shows the attitude of most clinicians who have used adrenal 
cortical extract in treatment of secondary shock. 
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Rhoads, Jo E. and Wolff, W. A. (9) undertook a quantitative 
control of the fluid shift following thermal burns. By administering large 
plasma transfusions at varying intervals after the receipt of the burn, 
they estimated that 'a period of about 40 hours was required for the re-
turn of the capillary walls to their normal state of permeability for pro-
teins under the specified conditions. In the study of 26 severely burned 
patients some of whom were treated with adrenal cortical extract, they 
came to the following conclusions conc:erning its use: (a) Adrenal cor-
tical extract was of value in the treatment of the fluid shift occurring in 
the group of patients after severe burns. (b) When it is effective it 
appears to act by reducing the permeability of the capillaries for plasma 
protein as early as the 18th hour. (c) The data obtained did not indicate 
that it was of value in restoring the circulating plasma volume, unless 
adequate plasma is added to the circulation by transfusion at the same 
time. These two workers did not recommend its use in the treatment of 
secondary shock following burns. 
Previous studies by other workers have shown that the funda-
mental cause of secondary shock is a change in capillary permeability, 
resulting in the extravasation of a large part of the circulating blood 
plasma. The characteristic blood picture, following this extravasation, 
consists in a high concentration of red blood cells and a low concentration 
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of red blood cells and a low concentration of plasma protein in the cir-
culating plasma. Saline and dextrose solutions not only fail to aid the 
situation, but, as was shown by Minot and Blalock {4} actually increase 
the disturban.ce by washing out the plasma proteins which are required 
to keep such solutions in the vessels. This increases edema within the 
perivascular tissues. Whole blood, on the other hand, has the dis-
advantage of adding erythrocytes to the circulating fluid that already shows 
hemoconcentration, with an attendant increase in the viscosity. There is 
now general agreement that plasma transfusion is the most logical type 
of replacement therapy and that it has given the best clinical results 
(5, 6, 7, 8). 
Rosenthal (II) in work on the experimental chemotherapy of burns 
and shock proceeded as follows: shaved, etherized female mice, were 
burned by being immersed in a water bath at 70°C for a measured period 
of seconds. Rosenthal's study was concerned only with early mortality, 
and the therapy was limited to the first seven hours following application 
of the burn. Studies were carried out with subcutanious administration 
of an aqueous extract (Eschatin) containing 25 dog units/cc. Control 
animals were given similar amounts of either sesame oil or saline. It 
was seen that no effect on the mortality curves was obtained by the use 
of this extract. This aqueous extract gave values similar to saline alone. 
Similarly, corticosterone in oil~ alone or with saline, resulted in mortality 
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rates similar to those of the controls. Other studies reported in this 
paper included the use of epinephrine, sodium chloride, water, glucose, 
potassium chloride and calcium chloride. No benefit was observed from 
epinephrine, posterior pituitary extract, or adrenal cortical extract in-
jectedsubcutaneously following the burns. 
Ingle, D. J. and Kuizenga, M", He (12) in experiments involving 
the administration of extracts from hog adrenals in rats, could not de-
monstrate any beneficial results following burns. He used normal male 
rats weighing from 190 to 200 gms. and immersed them in water at 700 C 
for 60 seconds to about the level of the axilla and the base of the tail. A 
great number of animals were used and the controls in all cases seemed 
to live longer. 
Bergman,et. ale (13) burned rats and mice in scalding water at 
750 C and 650 C respectively. He injected adrenal cortical extract (Cortin) 
into these animals one -half hour prior to the burning. It was noted that 
Cortin had no therapeutic value under these conditions. 
The efficacy of extracts of the adrenal cortex in the treatment of 
burn shock was tested by Cope, O. et.!:!:, (14) in the anesthetized dog. 
The tests used were the increased capillary permeability in the burned 
foot and the changes in intermediary metabolism of protein, carbo-
hydrate and electrolytes induced by the burn. The threshold of burn 
trauma which registered as an increase in flow and protein concentration 
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of the lymph draining from the burned foot of the dog was found to be an 
immersion for ten seconds in hot water of 67°C. Minimal and consistent 
increases were produced by immer sion for ten seconds in water of 70o C. 
Burns of greater severity are followed by more precipitous and higher 
rises in lymph flow and protein concentration, and by more rapid edema 
development and hemolysis. The possible influence of the glandular ex-
tracts on the increased capillary permeability was tested on threshold 
and minimal burns. The administration of adrenal cortical extract re-
sulted only in a slight, transitory drop in protein concentration of the 
lymph. No evidence was obtained by these workers to substantiate the 
concepts that these gland extracts are useful in the treatment of burn 
shock. 
You, S.5. and Sellers,E. A. (16) injected adrenal cortical ex-
tract (ACE) into 24 adrenalectomized rats at daily dose levels up to 150 
dog units for 5 to 8 days before burning them. This resulted in only 2 
survivals. When they administered ACE after burning, variable and 
inconclusive results were obtained. They report that adrenal corti-
cal extract did not appear any more efficacious than were small amount 
of saline. 
B. Effect of Desoxycorticosterone Acetate ~ Burns 
Rosenthal (11) in his work on experimental chemotherapy of burns 
and shock, reports that desoxycorticosterone acetate had no effect on 
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burned rats and mice. This hormone in oil, alone, or with saline, re-
sulted in mortality rates sim.ilar to controls treated with oil or with 
saline alone. Therapy was limited to the first seven hours following the 
burning. 
Ingle, D. J. and Kuizenga, M. H. (12) in experiments involving 
the administration of desoxycorticosterone acetate could not demonstrate 
any beneficial results. A great number of animals were used and the con-
trols in all cases seemed to live longer. 
Bergman, ~ al. (13) burned rats and mice in scalding water and 
treated them with desoxycorticosterone acetate using 158 mice, and 87 
rats. The hormone was injected intraperitoneally one-half hour prior 
to thermal injury. The results under these conditions were without signi-
ficant effect upon mortality. 
You, S. S. and Sellers, E. A. (16) found that when desoxycorticos-
terone acetate (DCA) was administered in daily doses of 1 mg. to adren-
alectomized rats for 5 to 8 days prior to burningp they were protected 
against a burn usually lethal in control animals. Among the 18 animals 
thus treated 16 survived the burn while in 17 control adrenalectomized 
rats only 3 survived. No significant difference in the degree of hemo-
cencentration 2 hours after burning was noted between adrenalectomized 
controls and adrenalectomized animals treated with desoxycorticosteron~ 
acetate. 
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C. Effect of Cortisone and Cortisone-active Material on Burns. 
Crassweller and Farmer {IS) burned mice with scalding water 
and divided them into 3 groups. The first, a control group, received 
treatment consisting of administration of injected pooled human serum 
albumin in distilled water. The third group received, in addition to 
the shock treatment, cortisone-active material obtained from human 
adult urine, extracted by a modification of the method used by Venning. 
It was noted that the third group showed a markedly reduced mortality. 
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Crassweller P. O. and Farmer, A. W. (10) describe the bene-
ficial results obtained in the treatment of a severely burned patient after 
the administration of Cortisone (11-dehydro-17-hydroxycorticosterone). 
The patient had received a burn covering 70% of the body area and they 
attributed his recovery wholely to the use of this hormone. 
D. Eosinophilic Response to Adrenal Cortical Hormones 
The fact that the number of eosinophils in the circulating blood is 
subject to a high degree of variation is one of the difficulties associated 
with the use of the eosinophil count in experimental work. Laragh and 
Lamy (23) reported the normal range of the eosinophil count in the human 
is 100 to 300 cells/ ccm. Speirs and Meyer (24) found that in the normal, 
C-57, strain of brown mice the average eosinophil count was 409 cells/ cmm. , 
with a range from 70 to 1200 cells/c rom. of blood. The range in the CBA 
mice used exclusively in the experiments to be described in this paper 
was approximately the same. 
The relationship of the eosinophil count to the hormones of the 
adrenal cortex has been reported by many authors. Removal of the ado. 
rena1s in normal, untreated animals has been reported to cause a slight 
rise for a period of 6 day~ in mice by Kumagai (25). Data of Corey and 
Britton (26) showed that adrenalectomy produced a slight increase in 
eosinophi1s of about 2 to 5% for a period of 10 days in rats. Speirs and 
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Meyer (24) claimed there was no significant difference between normal and 
adrenal ectomized mice but did not give the time after removal of the ad-
renals at which the counts were taken. 
Effect of Stress ~ the Eosinophil Count. -- Since Selye (27) first 
introduced his ideas of the adaptation of animals to stress, and later 
(28) introduced his HGeneral Adaptation Syndrome, 11 the pituitary adreno-
cortical system has been under continuous investigation in an effort to vali-
date these theories. The circulating eosinophil count has been established 
as an indicator of the activity of this system. Sayers (29), reviewed many 
of the factors of the adrenal system related to homeostasis and it appears 
that any condition which would cause a deviation from certain limits of 
homeostasis, which are characteristic for each individual animal, could 
be defined as a stress stimulus. Hume (30) reported that animals with 
lesions in certain portions of the anterior hypothalamus did not give the 
usual eosinopenic response to stress. It is generally accepted that at 
least three hormones are therefore involved in this reaction. These are 
the postulated hormones in extracts of the anterior hypothalamus, the 
adrenocortocotrophic hormone of the anterior pituitary and the C-l1-17-
oxysteroids of the adrenal cortex. Hymphreys and Raab (31) observed a 
marked diminution of the eosinophil count in studentsi:p. a state of emo-
',; 
tional tension. Roche, Thorn, and Hills (33) reported that emotional 
tension in patients anticipating surgery reduced the eosinophil count 
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significantly. Laragh and Almy (23) observed during surgical opera-
tions the degree of fall in eosinophil count varied directly with the magni-
tude of the operation and in major operations it fell to, or near. zero. 
The minimum count occurred most commonly 3 to 8 hours after the begin-
ning of the operation. 
Work on experimental animals further emphasized the eosinopenic 
response to stress. Recant, Hume, Forsham and Thorn (34), reported a 
78% drop in circulating eosinophils following the streSs of handling and 
blood withdrawal in rats. They stated that evidently this response is 
dependent upon an adequate sensory perception and the presence of 
normal pituitary-adrenal function. This viewpoint is supported by the 
fact that anesthesia stabilized the eosinophil level within two hours and 
that it did not fall in a four hour period of observation despite repeated 
blood withdrawals. Previously Speirs and Meyers (24) had shown in 
mice that mild stresses not associated with trauma or loss of blood 
produced a decrease in the eosinophil count of 83,. at 4 hours. The 
eosinopenia lasted approximately 8 hours and was followed by a 47%in-
crease in the number at 10 hours. The count returned to normal about 
16 hours after the stress. The effects of more than one mild stress 
were cumulative. When the stress was the actual taking of blood the 
nature of the response was different. An initial 24% increase was 
noted at 1/2 hour followed by a decrease of 99% at 4 hours. 
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The effects of adrenalectomy on the eosinophil count after stress 
is marked. An eosinopenic response does, however, follow the operation. 
Love (35) reported an eosinopenia follows stress in rats even though ad-
renalectomy is completed within 10 minutes, and the progressive fall in 
circulating eosinophils over a 4 hour period occurs even though the con-
tinued secretion of the adrenal cortex is eliminated. Brown and Dougherty 
(36) confirmed these results and found that the eosinopenic response occurs 
after the stress of adrenalectomy alone even though the operation is com-
pleted within Z to 3 minutes after removal of the animal from an undis-
turbed cage. After this immediate response to the operation, subsequent 
, 
stresses will not cause a drop in eosinophils such as occurs in normal 
animals. In fact, the eosinophil count actually increases. Eight hours 
after the stress, the adrenalectomized animal shows an increase of 
590/0. There are numberous other stress stimuli which have been investi-
gated in relation to the eosinopenic response and activation of the pit-
uitary-adrenal azis. These include various conditions, many drugs and 
other substances. Exposure to heat and cold (37, 38) hyperglycemia pro-
duced by glucose (39), urethane (40), formaldehyde (34), histamine and 
insulin (38), and. starvation (41). 
Effect of Adrenal Corical Hormones and Related Steroids on the 
----------
Eosinophils.-Saunders and Adams (42) reported in normal adults the 
lymphocyte and eosinophil counts were reduced after intravenous injections 
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of adrenal cortical extracts (ACE). These changes did not occur after in-
jections of saline. Hortling and Pekkarinen (4.3) observed that the eos ... 
inopenic and lymphopenic response after infusion of cor'tisone in humans 
was similar to that observed after ACTH and epinephrine. Dworetsky, 
Code an.d Higgins (44) produced a marked decrease in the number of eos-
inophils in guinea pigs after injection of 30 mg. of cortis.one. The eos-
inopenia lasted for 7 days and then returned to normal. The authors 
attribute the prolonged effect· of the injection to the insolubility of the 
compounds and the resultant slow absorption. These workers also re-
ported that neither cortisone nor ACTH had any effect on the degree of 
anaphylactic shock produced in sensitized guinea pigs given a shock dose 
of the antigen. Dougherty (45) found that if sensitized andrenalectomized 
mice were pre-injected 2 hours before the shock dose of antigen with a 
protecting dose of ACE, the mortality from anaphylactic shock was re-
duced considerably. Speirs and Meyer (Z4) showed that the eosinopenia 
produced in adrenalectomized mice after injections of ACE (Cortin) is 
a specific quantitative response. The degree of .eosinopeniawas cor-
related with the amount of ACE injected. Rats showed a similar re ... 
sponse but mice were more sensitive to ACE. DOCA in a .dose of 25 
micrograns given to adrenalectomized animals produced no significant 
change in the eosinophil count; however, in a dose of 150 gamma it 
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produced a drop in eosinophile of 67"/0 which was still reduced 19"/0 at the 
end of 8 hours. Compound E in a dose of 3 gamma produced a maximal 
response consisting of a drop of 96"/0 in the eosinophil count. Compound A 
in a dose of 25 gamma, over eight times as large as that of compoundE, 
produced a drom of 81% in the eosinophil count. Both compounds E and 
A produced a relative eosinophilia of 400/0 and 540/0 respectively at 8 hours. 
E. Lymphocytic Response to Adrenal Cortical Hormones 
Adrenalectomy resulted in a marked absolute lymphocytosis within 
four days ~fter operation in cats, Zwemer and Lyons (46) and Corey and 
Britton (47). Lymphocytosis following adrenalectomy has also been ob-
served in rats, Shecket, Friedman, and Nice (48), Balton and Nasson (49), 
White and Dougherty (50); and mice, White and Dougherty (50}, Dougherty and 
Dougherty {51}. White and Dougherty (50) found that the lymphocytosis 
following adrenalectomy of rats and mice was not entirely due to hemo-
concentration since the blood specific gravity in operated animals was 
maintained within approximate limits by administration of sodium chloride 
to operated rats and desoxycorticosterone acetate to adrenalectomized 
mice. These authors also observed that the lymphocytosis occurred more 
rapidly and was more pronounced in mice than in rats although within six 
days following adrenalectomy, the latter animals had a slight but statis-
tacally significant increase in circulating lymphocytes. 
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The changes in the blood lymphocyte count during increasoed secre-
tion of adrenal cortical steroids for a prolonged period of time has been 
inadequately investigated. Mice which received daily injections of adren-
ocorticotrophic hormone for a period of fifteen days-hadslight but signi-
ficantly decreased numbers of circulating lymphocytes, White and 
Dougherty (50). Similar observations were reported in rats and rabbits 
given daily injections of adrenotrophic hormone for a four-week period, 
Yoffey and Baxter (52). 
Dougherty and White (53, 54) discovered that a rather typical 
sudden decrease in circulating lymphocytes occurred following stimula-
tion of the adrenal cortex by' adrenocorticotrophic hormone or by ad-
ministration of certain adrenal cortical steroids to rats, mice, rabbits, 
dogs, and humans. This sudden and extensive lymphopenia attained its 
lowest point within three to nine hours. This rapid decrease in circulat-
ing lymphocytes was followed by a return to normal levels within ap-
proximately twenty-four hours. The period of maximal diminution of 
blood lymphocyte following injection of adrenocorticotrophic hormone 
I" 
(ACTH) coincided with a decrease in adrenal cortical cholesterol. This 
phenomenon, e. g., sudden lymphopenia and rapid reconstitution of 
normal numbers of blood lymphocytes has been designated as the 
tfLymphopenic Response, 11 Dougherty and White (55). The degree and 
duration of the lymphopenic response were variable in the different 
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species studied although the same general type of lymphopenic curve was 
consistently observed. Adrenal cortical extracts in the doses used pro-
duced profound lymphopenias of shorter duration than those observed 
following adrenocorticotrophic hormone administration. The specificity 
of this reaction was demonstrated by the fact that adrenocorticotrophic 
hormone did not produce lymphop'enia in adrenalectomized animals. Only 
the so-called Hsugar hormones 11 produced lymphopenic responses. 
Lymphopenic responses produced by administration of adreno-
corticotrophic hormone have been elicited by other inve stigators in rats 
and dogs, Reinhardt, Aron and Li (56), and Yoffey and Baxter (52); rabbits, 
Yoffey and Baxter (52) and cats, Yoffey, Reiss and Baxter (57). 
The lymphopenic response was elecited in humans following in-
jection of adrenalcortical extracts, Dougherty and White (54) and 
Daughaday, Williams, and DaIad (58). These investigators found that 
only large doses (20-40 cc. ) of commercial adrenal cortical extracts were 
effective. Administration of Compound E produced lymphopenic responses 
in humans although desoxycorticosterone was ineffective, Hills , Forsham, 
and Finch (59). The lymphopenicresponse has also been reported in 
humans following administration of adrenalcorticotrophic hormone t Hills t 
Foreham, and Finch (59), Forsham, Thorn, Prunty, and Hills (60), 
De Vries, et. aL (61), and Sayers, et • .!!!. (62). Apparently II administra-
21 
tion of 25 mg. of highly purified adrenocorticotrophic hormone (Armour) 
was sufficient to produce a lymphopenic response within four hours, 
,Hills, Forhsam, and Finch (59), a.nd Forsham, Thorn, Purnty, and 
Hills (60). Similar doses did not elicit lymphopenias in patients having 
Addison's disease. Larger amounts of adrenocorticotrophic hormone 
were administered to human subjects by De Vries, et. a1. who gave single 
and multiple doses of amounts which were equivalent to 28 mg. to 210 mg. 
of Armour standard LA-lA and Sayers, ~, !:!:' who gave single injections 
of the equivalent of 50 mg. of ArInour standard LA-lA. In all instances 
profound lymphopenic responses were obta.ined. 
Nordenson (63) administered 50 mg. of adrenocorticotrophic 
hormone (A. B. Organson), desoxycorticosterone acetate or adrenal cor-
tical extract to ten hospital patients. Although he reported that no lym-
phopenia occurred in the treated patients, it is e.vident from the only two 
, 
protocols 'of experiments on adrenocorticotrophic -treated patients that a 
marked decrease in "mononuclear ft cells occurred. 
zz 
III. ADRENAL CORTICAL HORMONES 
Chemical investigations of the constituents of the adrenal cor-
tex were initiated by the discovery of Rogoff (64) that extracts of this 
organ are capable of extending the life span of adrenalectomiz,ed dogs, 
which otherwise would survive only a few days. The adrenal cortical 
principle, cortin, actually contains a number of active and inactive 
substances and the former exert, to varying degrees, not only life-
maintenance activity, but several other partly interrelated physio-
logical actions. Thus assays for various forms of cortin activity have 
been employed in the processing of glandular extracts. Chemical 
studies initiated in, 1935 by K~ndail, by Wintersteiner and Pfiffner (65), 
and by Reichstein (66) led within three ye~;rs to the isolation of twenty-
one crystalline substances, six of which are able to maintain life in 
adrenalectomized animals. Crude concentration; are prepared from 
whole beef glands, even though the active principles are present only 
in the cortex. Each of the three groups of workers, initially engaged 
in the work of isolation, designated their pure products by a series of 
letters; the letter designations for the active compounds later gave way 
to names. The six compounds that are active in prolonging the life of 
adrenalectomized animals are shown on the following page s. Each has 
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the alpha, beta-unsaturated ketonic grouping in ring A characteristic 
of testosterone and progesterone and they all posses a ketol side 
chain. 
An analy~is of Wilson's Adrenal Cortical Extract from beef 
adrenals was made (Merck and Co.), and in approx. 500 cc. of the ex-
tract the following hormones were found. 
Corticosterone .' . . . • . . . 
Dehydrocorticosterone. . . • 
17 -Hydroxycorticosterone • • 
. .. . 





Physiologic Considerations. -- The precise interrelationships of 
the adrenals, the pituitary, and the various tissues of the body are not 
clearly definedo Moreover, the functions and modes of interplay of the 
individual steroid hormones produces by the adrenal cortex are extremely 
complex. In many respects, therefore, a full understanding of how these 
factors operate to influence various physiologic and pathologic states 
remains to be attained. 
The present concept is that the secretion of cortical steroid 
hormones is mainly or entirely mediated through stimulation of the 
adrenal cortex by the adrenocor~icotropic hormone (ACTH). This hor-
mone is elaborated by the anterior pituitary. The function of the an-
terior pituitary is presumably controlled to some degree by the hypo-
thalamus which, in turn, can be influenced by higher brain centers. The 
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adrenocorticotropic horDlone has the specific function of regulating the 
activity of the adrenal cortex. It is in response to the action of this 
hormone that the adr.enal cortex secretes its sterod hormones. 
The director indirect humoral pathway between the hypothalamus 
and anterior pituitary is only one of the ways in which the gland is stimul-
ated to produce adrenocorticotropic hormone. .Another regulatory me .. 
chanism involves the adrenal medulla which, in response to stres.s, re-
leases epinephrine. It is now believed that epinephrine, reaching the 
anterior pituitary via the systemic circulation, causes a release of ad-
renocorticotropic horm.one. However, this effect has thus far not been 
found of practical value from the standpoint of therapeusis. 
These six hormones secreted by the adrenal cortex that will 
maintain life in an adrenalectomized animal are presented here. 
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Il-dehydro-I7 -hydroxycorticosterone 
Cortisone (Compound E) 
Il-dehydrocorticosterone (Compound A) 
I7-hydroxycorticosterone (Compoun~ F) 




The hormone used in ourexperiments was Il-dehydro-17 -hyd.roxy-
corticosterone (Cortisone ac~tate) supplied by Merck an4 Company. 
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IV. METHOD AND MATERIALS 
In the experiments to be described, 829 female mice of the CBA 
." 
strain (Strong) were used. Of this number, 455 were used to investi-
gate the influence of cortisone on the rate of survival of adrenalectomized, 
burned animals. Blood was also taken from the animals of this group, and 
differential counts were made at specified lengths of time following burn-
ing. Eighty animals were used in the experiment to determine if cor-
tisane were stored in the tissues of adrenalectomized animals. Ninety~ 
four animals were used in the experiment involving intact mice and their 
responses to varied doses of cortisone following thermal burns. The 
remaining 100 mice were used to determine the effect of ACTH on intact 
burned mice. All of .the animals when used, were approximately 100 
days old (95 to 105 days). In one case 20 male mice were used for a 
comparative study. 
All animals were kept at a constant environmental temperature. 
Purina dog chow and water were always available from the time of wean-
ing throughout the experimental period. 
Ether anesthesia was used in the operational procedures. All 
mice in the adrenalectomized control and experimental groups were 
bilaterally adrenalectomized. A single middorsal inci'sion was made 
through the skin. Through this opening a smaller incision was made 
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through the body wall on either side below the tip of the last rib and im-
mediately lateral to the vertebral column. The adre.na1 gland was located 
and excised after which the dorsal skin incision was closed. Before thean-
imal wholely recovered from the effects of the ether, its abdominal sur-
t 
face was completely shaved of hair using an electric clipper. Inasmuch 
as too long a period of ether anesthesia proved fatal to many animals, 
they were allowed to recover before the experiment continued. After the 
completion of 20 operations, the animals were reanesthetized in the same 
order as they were operated upon and were subjected toa burn which 
would prove lethal to an untreated, adrenalectomized animal within 24 
hours. The time lapse was never more than 30 :Ql.inutes between adren-
alectomy and burning, operation time being approximately 90 seconds. 
The burn was applied by means of a brass circular disc, "branding 
iron, ft (area 346 mm2) that was heated over a bunsen burner. The 
disc was heated until it glowed a faint red which proved to be the best 
temperature for the burning. At higher temperatures the disc would 
burn through the body wall and at lower temperatures the flesh would 
adhere to the disc. The animal was placed on its back and the 
"Branding iron" was applied to the clean shaven ventral area and only 
sufficient pres sure was placed on the iron to produce a 3rd degree burn 
or actual blackening of the skin. The time necessary to produce this 
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burn was 3-4 seconds. In a few cases the burn proved too severe and 
actual penetration through the peritoneum occurred. !nother cases the· 
burned area did not appear to be severe enough. In either instance such 
animals were discarded and no data kept on their rate ·of mortality. 
Immediately aft·er burning, the animals of the various experimental 
groups received an intraperitoneal dose of cortisone acetate (Cortone), 
made up to O.lcc by diluting with saline. The injection was made at the 
margin of the burn and then the animal placed back in its cage. At 
twenty-four hours following application of the burn and the first injec-
tion, the surviving animals were reinjected with the same amount of hor-
mone as had been administered the day before. This was the last injection 
given to any animal during the five day experimental period. 
In the experiment involving intact animals, two burns were re-
quired to kill the animal in a 24 hour period. The second burn was ap-
plied to a clean shaved area on the right side of the back so that the 
medial portion of burned area was lateral to the vertebral column and 
the most anterior portion caudad to the last rib. The burn on this area 
proved to. be more difficult to apply because of the curvature of the back 
and side. Therefore the branding iron was rolled from medial to lateral 
and back again. This produced a burn of approximately the same sever ... 
ity as that on the ventral surface. 
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Intact animals were also used in the experiment involving adreno-
corticotrophic hormone (ACTH). These animals were doubly burned in 
the same manner as described above. Following the burning, different 
groups of experimental animals were treated with varying doses of ACTH 
in a solution of 0.1 Normal hydrochloric acid and saline made up to a 
volume of 0.1 cc in every case. The HCL formed 1/10 of the solution. 
In order to investigate the capacity of the tissues to store cort-
isone, the following experiment was performed. Several groups of ad-
renalectomized animals were treated daily with a specific amount of 
cortisone. After a period of six days the injections were stopped and 
then, on the seventh day, the animals were burned with a 345 mm2 
burn. This was the burn that proved lethal to adrenalectomized mice 
within 24 hours, and if there were any storage of cortisone in the 
tis sues, over and above the amount utilized by th.e animal during the 24 
hours between the 6th and 7th day, it was assume~ that the mortality 
rate would be affe cted. 
Tail vein blood was used in the determination of the total 
leucocyte, eosinophil and differential counts. The latter were obtained 
by counting at least 200 cells in air dried blood films strained with 
•• 
either May Grunwald Giem.sa or with Wright's stain. In the experi-
mental groups all blood counts were taken at 6, 12, 24, and 48 hours 
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after the burning. Tail vein blood was also used in determining eosino-
phil counts. Blood was drawn :Up to the O. 5 mark of a standard blood 
pipette whenever possible, but because of the marked hemoconcentra-
tion following a burn, very often only the 0.2 mark could be reached. 
The diluent, described later, was used in each case of dilute to the 
1.1 mark. The pipettes were then placed on an electrically operated 
rotary pipette shaker for 10 minutes to give sufficient time for uniform 
distribution of cells throughout the diluting fluid. In the case of the 
leucocyte count the diluting agent was acetic acid and the time on the 
shaker only 2 minutes. A special Levy Fuch-Rosenthal hemocytometer, 
0.2 mm in depth, was used to making the counts which allows a greater 
number of cells to be counted. The counting chamber was allowed to 
stand for 15 minutesaiter being filled to allow the cells to settle at the 
bottom of the chamber and the eosinophils to take up the stain. This 
long period of time was necessary inasmuch as the diluting fluid was 
rather viscous in nature and the cells were slow in settling. The 
diluent used for the blood during the eosinophil counts was that investi-
gated by Randolph, Mallery, and Stanton (17, 18, 19, 20) and by Henneman~ 
et. a1. (2l). It consists of phloxs cene, 0., I % in concentration, dis solved 
in propylene glycol and distilled water in a ratio of 1:1. In contrast to the 
acetone mixture commonly in use, this diluent does not produce a lysis 
of cells. The erythrocytes are rendered invisible by assuming approxi-
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mately the same refractive index as the medium while the white cells 
remain vi sible. 
Tis sues were also obtained for histological examinatfon to study 
the actual burn and to determine its severity. These consisted of sec-
tions taken through the burned area and extending into the normal area. 
Connective tissue was also taken from the area directly beneath the 
burn to determine whether or not the ar.ea was invaded by eosinophils. 
The tissue was spread on slides and then air dried and strained with 
ft 
May Grunwald Giemsa stain and the various cell types represented per 
sq. mm. were counted under oil immersion. 
32 
V. RESULTS OF EXPERIMENTAL WORK 
Before any phase of the problem could be undertaken, it was 
necessary to determine the size of burn that would kill an adrenal-
ectomized animal within a 24 hour period. Animals dying within this 
period would do so as a result of the shock following the burn and not 
from toxic substances which are considered to be produced 48 hours 
after burns (period of toxemia, 10). The 24 hour period of study 
chosen to determine whether or not cortisone had any effect on the 
secondary shock following thermal burns. Six circular "branding irons" 
of varying sizes were made, each of which was attachable toa steel 
shaft and handle. The irons were numbered according to their size 
from the smallest to the largest. The number of the irons and the area 








22. 76 rnm2 
78.50 mmZ 
176. 62 mm2 
346.10 mm2 
494. 5Z mml 
As a preliminary experiment, thirty animals were divided into 
six groups, adrenalectomized, and then each group was burned with a 
different size burn. There was no lethal effect on any of the animals 
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DIFFERENTIAL BLOOD COUNTS IN ADRENALECTOMIZED MICE 
FOLLOWING THERMAL BURNS 
Number Hours Actual eos 
of after Count WBC PMN Lym. 
-
Animals Adrenz. M. SE M SE M SE M SE 
150 0 12.58 0.27 3.87 O. 12 8.60 0.23 
11 1 12.92 0.32 7.47 0.80 5. 54 O. 51 
20 6 181 2.3 18.80 1. 33 4.90 .52 12.20 .88 
15 12 346 55 __ 19.07 1. 12 4.53 .45 14.20 .86 
7 24 156 7 12.31 1.02 2.74 • 371 9.47 .84 
15 6 164 11.6 18.38 .875 4.39 • 510 13.87 o 911 
13 12 207 22 20.84 1.61 3.96 .410 16. 78 1.2.0 
7 2.4 183 44.1 15.47 2..42 2.27 .340 13.30 1.71 
2.0 6 ' 113 13 16.04 1.00 6.2.8 1.34 9.43 • 75 
19 12. ~60 33 15.48 10.31 3.89 • 372. 11. 31 .81 
16 24 193 18 11.41 .679 18.36 • 176 9.47 • 61 
"" 
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group burned with a size #4 iron died and all animals burned with #5 and 
6 irons died within period of study. One furtber preliminaryexPt7riment 
involving 30 mice (10 mice per group) was undertaken using irons #4, #5, 
and #6. The results showed that burn #5 (346 mm2) was the burn that 
gave the desired results of an 850/0 to 100% kill in the first 24 hours. If 
the Itill had been 100% consistently, as in the case of burn '6, it would not 
have been known to what extent we were over the lethal limit or lethal 
burn size. A kill of from 85% to 1000/0 indicated that we were just ap-
proaching the absolute limit of the ability of the animal to recover from 
this burn. 
As stated previously, our problem was originally to see if there 
was any correlation between the blood picture and the amount of cortisone 
administere.d following a thermal burn. In order to save time and material, 
we are incorporating the work of Brown (36) at this time concerning the 
effect of adrenalectomy on the circulating eo sinophils , and the work of 
Kumagai (25) on the effect of adrenalectomy on the leucocytes. Their 
work was done in animals of the same age, strain, and weight as those 
used in our experiments and was also done in the same laboratories under 
the same conditions. 
It was shown ~ Brown (36) that a marked eosinopenic response oc-
curred three hours following a bilateral adrenalectomy ~d consisted of an 
TABLE 4 
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800/0 decrease in the number of eosinohils in the peripheral blood. At 6 
hours the blood eosinophils had increased so that they were only 32% be-
low the normal level. B,etween 6 and 12 hours a second drop in eosinophils 
occurred with the level dropping 5Z% below the normal value by 12 hours. 
This second drop in eosinophils is a regular response in CBA mice oc-
curred in most of the animals used. At 24 hours the eosinophils re-
turned to the limits of the standard error of the normal value and at 48 
hours there was no significant change. Brown (36) also reports a quanti-
tative eosinopenic response in all doses of cortisone between O. 05 mg. and 
0.005 mg./mouse. 
In the investigations reported here, ~lood samples were taken from 
the tails of burned adrenalectomized animals at intervals of six hours. It 
would seem that the influence of cortisone had a cumulative effect on the 
eosinopenic response, in that at 6 hours in the adrenalectomized burned 
mice, treated with 0.05 mg. of cortisone, the drop was from 250 cells/mmZ 
to 113mmZ• By 12 hours all three groups (those treated with O. 05 mg. of 
cortisone, non hormone treated, and saline treated controls) had increased 
numbers of circulating eosinophils. The non hormone treated, burned ad-
renalectomized and the hormone treated burned adrenalectomized groups 
had greater than the average eosinophil count. This eosinophilia was 
followed by the customary downward swing at 24 hours after the burn and 
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cortisone injection. Inasmuch as Brown, (36) showed that there is an 
• 
eosinopenic response with doses of cortisone vary~g from O. 05 mg. to 
o. 005 mg., and we witnessed the same response in cortisone treated 
burned animals, it was decided that there was little to be gained in trying 
to use the eosinophil count as a means of determining the dose of cortisone 
; to use following thermal burns. 
In contrast to the lyrnphopenic response that follows adrenalectomy 
(25) a marked leucocytosis was noted following the application of the burn. 
In the adrenalectomized burned control and the adrenalectomiz'ed saline 
treated control groups the rise in number of leucocytes was noticeably 
greater however, than that found in the cortisone treated group. This J 
then is further evidence demonstrating the ability pf adrenal cortical 
hormones to lower the leucocyte count (18~ 19, 20, 21, ZZ, 23). 
The lymphocyte picture follows almost identically the pattern 
taken by the total white count with the exception that the rise is greater. 
This rise, well over 10'00/0 in the case of the 'adrenalectomized burned 
and adrenalectomized burned saline treated control groups was followed 
by a rapid fall. It would $eem that the effect of cortisone was one of 
holding the lymphocytes to a rise of only 800/0 at 24 hours. As seen on 
the graph, Table 3 9 the polymorphonuclear cells responded with a con-
stant decline in their nwnber in the peripheral blood. 
During the course of other preliminary experiments, the difference 
in mortality rates of various animals treated with different doses of 
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cortisone was noticed. The accent of our problem therefore, was shifted 
from blood changes following thermal burns and treatment with cortisone, 
to a problem involving only the usefulness of this hormone in the treatment 
of thermal burns. In order to do this, the following experiments were 
performed. 
A. Effect on mortality of varying doses of cortisone acetate on 
adrenalectomized mice following thermal burns. 
B.Effect on mortality of varying doses of cortisone acetate on 
intact mice following thermal burns. 
The results of these experiments, to be discussed shortly, lead 
us to an experiment to determine whether or not the adrenal was capable 
of responding after a severe thermal burn. Therefore the third experi-
ment: 
C. Effect on mortality of varying doses of adrenocorticotropic 
hormone (ACTH)on intact mice following thermal burns. 
One other experiment was unclertak(!n to determine the effect of 
pretreatment on adrenalectomized animals with graded doses of cortisone 
to see whether or not there was any storage of this- hormone in the tissues. 
Other workers (16) have found both beneficial and non-beneficial results in 
similar experiments using other adrenal cortical hormones. 
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A. Effect on Mortality of Varying Doses of Cortisone Acetate on 
Adrenalectomized Mice Following Thermal Burns. -
Previous work by Kumagai (25) showed that 0.05 mg. of cortisone 
was the amount which when injected into mice of the same age, strain and 
weight as those used in the followin~ experiments, maintained the lymphatic 
tissue, blood lymphocytes and eosinophil count of adrenalectomized mice 
within a normal range. This dose of 0.05 mg. of cortisone per 24 hours 
was therefore selected as a standard for treatment. The other doses used 
were: O. 012 mg., O. 025 mg., 0.1 mg., and 0.2 mg. all per 24 hours. 
The results of the experiment involving 381 mice are shown on 
Table 5. By 48 hours the control group, consisting of 88 adrenalectomized 
mice burned with "iron" #5 (346 mm2) had all succumbed to the effect of 
the stress. Controls of saline treated animals, using the same volume of 
saline in which the cortisone was suspended (0.1 cc.) were not used. In 
preliminary experiments in which 0.1 cc. of saline was injected just after 
the burn was applied, there was no difference in the mortality rate as com-
pared to the control group which received no treatment of any kind. All 
groups of experimental animals showed some benefit when injected with 
cortisone acetate, however, with no dose were we able to restore the 
degree of protection found in intact mice subjected to the same sized burn. 
Burn #5 proved lethal to only 3% of 20 intact animals in a 48 hour period 
whereas it was fatal to 100% of the adrenalectomized animals in the same 
period of time. Doses of O. 012 mg., O. 025 mg., 0" 1 mg., and O. Z mg. , 
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to 250/0 of the cases. The aniJ:!lals however that received the O. 05 mg. 
dose received a far greater degree of protection. This was that dose 
(0.05 mg./Z4 hrs.) that was shown by Kumagai (25) to be approximately 
the physiological dose and with it 430/0 of the 103 mice used were maintained 
during the five day experimental period. A five day period of survival was 
chosen as the interval of time which would allow all experimental animals 
to undergo the effects of secondary shock (24 - 48 hrs.). 
Aside from their ability to survive after burn a #5, it was noted 
that the animals receiving the 0.05 mg. dose acted very differently from 
those of any of the other groups of experimental animals treated with 
other doses of cortisone, e. g., they took water and food within the first 
few hours after being burned. In order to obtain food, they were required 
to climb the side of a wire basket which was suspended from the roof of 
the c.age. This they did. At no time did we see any of the animal; in any 
of the other experimental groups. partake of food or water before 24 hour s 
from the time of the application of the burn. A s a re suIt of the shock they 
would retreat to the corners of the cages in groups and remain quiet with 
little or no movem.ent for hours, whereas the animals treated with 0" 05 m.g. f 
were comparatively active. 
Inasmuch as we were able to obtain the best degree of protection 
with the purported physiological dose in these adrenalectomized anim.als, 
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as that already described, using only intact animals. 
B. Effect on Mortality of Varying Doses of Cortisone Acetate on Intact 
~ FOD.owing Thermal Burns. - -
In order to find a burn capable of killing an intact mouse in 2.4 
hours we used varying combinations of the six "branding irons. ft Of the 
combinations tried it was found that the iron # 5 applied to two different 
areas of the mouse,one on the ventral abdominal surface and the other 
the right dorsal surface gave the desired result. This burn killed from 
800/0 to 1000/0 of the animals in 24 hours. These burns gave a third degree 
burn covering an area of 692 mm2. $I twice the area necessary to kill an 
adrenalectomized mouse. 
Inasmuch as these animals were not adrenalectomized, the pro-
cedure varied a little from the previously described experiment.. Upon 
com.pletion of the shaving, the mice were anesthetized, burned and im .. 
mediately injected intra-peritoneally, with one of the following doses of 
cortisone: 0.025 mg., O. 05 mg., 0 0 1 mg., 0.2 mg., and O. 5 mg. all 
per 24 hours. The results are as shown on Table 6. Control groups re-
ceived only the two #5 burns and no hormone treatment. In every case 
the O. 025, 0.1 and O. 5 mg. /24 hrs. doses of cortisone proved lethal 
more quickly in the experimental animals than in the control group. In 
the group receiving 0.05 mg., 400/0 of the animals survived the 5 day 
period and appeared relatively recovered from the effects of the shock. 
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None of the animals treated with 0.1 mg. 9 or 0.025 mg .. survived the 
five days but a few of those receiving O. 2 mg. survived. This phenom-
enon of the same dose of hormone, O. 05 mg. /24 hours, being able to 
maintain from 400/0 to 43% of both adrenalectomized and intact burned 
animals, would seem to indicate that the adrenal was not functioning 
or was exhausted as has been reported (10) to be the case following 
thermal burns. If this were so, that the adrenal was no longer able to 
respond to the needs imposed by stress, the use of adrenocorticotrophic 
hormone would be of little avail in the treatment of shock following ther-
mal burns. In an attempt to see if this were the case, the following ex-
perimentwas performed. 
C. The Effect on Mortality of Varying Doses of Adrenocorticotrophic 
ji"(lrmone (ACTH) ~ Intact Mice Following a Thermal Burn, 
Because of the results of the first two experiments involving 
cortisone therapy following thermal burns, the following experiment 
was' performed to see the effect, if any, of ACTH on the mortality rate 
of intact mice. One hundred and fifty four mice were used in this experi-
ment, the fifty four controls received no treatment. All the other groups 
consisted of 20 animals each. The procedure for this experiment was the 
same as that for the previous experiment. Immediately after being burned, 
the animals were injected intraperitoneally with varying doses of ACTH, 
0.025 mg. as the minimum dose, to 0.5 mg. /24 hours as the maximum. 
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Most of the animals did not survive the first twenty-four hours, but as 
seen in the previous experiments, those that did survive the first 24 
hours, usually lived to the end of the five day experimental period. The 
animals that survived the first 24 hours were all reinjected with the same 
dose 24 hours after the burning. As seen on the graph (Table 7) th~ mor"'!' 
tality rate in every case except that of the smallest dose, O. 025 mg. ex .. 
ceeded the control, indicating that there was comparatively little if any 
response of the adrenal gland to the ACTH under the conditions of the 
experiment. It must be noted that a very wide range of doses were used 
in this experiment, and if the adrenal were able, it should have responded 
to one of them. 
D. The Effect on Mortality of Thermal Burns ,on Adrenalectomized 
A'iiImals Pre-treated with CortisonE_ -
It has been suggested by some authors (36) that there is a pos-
sibility that adrenal cortical hormones can be stored in the tis sues and 
brought forth following some stress stimuli such as a thermal burn. You 
and Sellers (16) obtained good results in their daily treatment of rats, both 
intact and adrenalectomized, by pre-treating them with desoxycorticoster-
one acetate (DCA), but noticed the ineffectiveness of adrenal cortical ex-
tract (ACE), and saline. As in previous experiments both male and female 
mice of the same strain, age and weight were used. All the animals were 
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adrenalectomized and were given graded doses of cortisone at daily inter-
vals. Doses ranged from a minimum of 0.025 mg. /day to 0.2 mg. /day. 
These animals were injected every 24 hours for a period of 6 days begin-
ning from the date of the adrenalectomy.. Seven days from the time of the 
operation, and 24 hours after the time of the last injection, burn #5 was 







Average time of Death 
Treatment No. Animals Sex FoIl owingB urning 
0: 2 mg .. /day 10 female 7. 5 hours 
0.1 mg. /day 10 female 7.0 hours 
0.05 mg. /day 30 female 4. 5 hours 
O. 05 mg. / day 20 male 6.0 hours 
O. 025 mg. /day 10 female 7.0 hours 
The results of this experiment would seem to indicate that if there 
\ 
was any cortisone stored in the tissues of the animal, it had little value 
in maintaining the animal following a thermal burn. Without exception, 
every animal used in the above described experiment died within the first 
8 hours following the stress. The animals receiving the largest dose, 
o. Z mg. /24 hours, in:p.o instance lived longer than the animals receiving 
the smallest dose of O. 025mg./24 hours. 
In order to see if there were any visible changes in the tissues follow ... 
ing a thermal burn, the following experiments were performed. 
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E. Effect on Mortality of Thermal Burns on Connective Tissue 
Cellular Count. - -
Tissue spreads were taken from several animals, shortly before 
death. The tis su,e was taken from the connective tis sue directly under 
the burned area to note the effe.ct that cortisone might play.on the differ-
ential count of the tissue cells in this area. Small sections of -tissue were 
spread on glass slides and air dried after which they were stained with 
tt 
May Grunwald Giemsa and a microscopic study made. Six animals were 
used in each of the five groups, each of which received a different dose of 
. :, 
cortisone following the burning. Tissues were taken from the animals 6 
hours after the application of the burn and the results are as seen on the 
table below. 
Number 
Treatment Animals Enos. PMN Mac . Lym Fib. 
.. -
Intact Controls 6 5.40/0 00/0 ~ 380/0 1. 50/0 92. 60/0 
Burned Intact Con. 6 19. 00/0 • 080/0 00/0 00/0 79: 00/0 
0.025 mg. Cortisone 6 27.0% · 060/0 60/0 1.5% 70. 20/0 
0.05 mg. tt 6 19.00/0 · 030/0 0% .06% 79. 7Ufo 
O. 1 mg. tt 6 26.0% 1. 000/0 0% 2.0Uf, 69. 50/0 
0.2 mg. ff 6 15.0% · 030/0 1% 1.5% 81. o Ufo 
It may be seen from the differential count, that the only significant 
,. 
difference is between the eosinophil count of the intact controls as compared 
to all of the burned animals, treated or otherwise. The difficulty in prepar-
ing the edematous tissue could very easily account for the variability in 
counts between .these groups.. We therefore feel that the effect of cortisone 
on the differential count in the connective tissue under the burned area is ap-
proximately the same as seen in the control animals receiving no cortisone. 
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VI. DISCUSSION AND SUMMARY 
The results of this investigation indicate that ablation of the adrenal 
cortex markedly increased susceptibility to lethal effects of thermal burns. 
On the other hand, it was not possible to restore the degree of protection 
found in intact animals by administration of any of a wide series of graded 
doses of cortisone acetate to adrenalectomized burned animals. The most 
impressive results were found in that group of adrenalectomized animals 
given 0.05 mg. /day of cortisone. This dose which protects 50% of the 
animals was far more effective than were larger or smaller amounts. 
Kumagai (25) in his investigations showed that this dose maintained the 
lymphatic tissue, blood lymphocytes, and eosinophil count of adrenalecto-
mized animals within a normal range. It is thus concluded tobe approxi-
mately that amount of hormone which maintains physiological conditions in 
the adrenalectomized animal. These findings were extended by Kumagai 
and confirmed. 
In subsequent experiments using intact CBA mice, the mice were 
treated in the same manner as previously described for adrenalectomized 
burned animals. First of all, it was found that the amount of burned sur-
face had to be increased two-fold in order to produce 80% death in intact 
mice of the same age, sex and weight a~ compared to the adrenalictomized 
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animals in the previous experiment. 2 The exact area of the burn was 692 mm . 
The same series of graded doses of cortisone acetate (from O. 025 to O. 5 mg. 
per 20 gram mouse) was given. These doses were also given immediately 
after application of the burn. The results showed, surprisingly enough, that 
the 0.05 mg. dose produces approximately the same degree of protection in 
intact burned animals as that found in adrenalectomized burned mice (50%). 
None of the other dosages of hormone provided a significant degree of pro-
tection in the intact animals. The larger doses actually enhanced the rate 
of kill to such an extent that it exceeded that found in the non-treated con-
... 
.. 
trol group. In view of the large number of animals used and the consistency 
of the results of various experiments, it is apparent that adrenalectomy ap-
proximately doubled the susceptibility of mice to thermal burns and that the 
optimum dosage to restore any degree of protection in intact as well as ad-
renalectomized mice is that amount which according to numerous other 
experiments is apparently a physiological dose. These results indicate 
from the practical point of view, treatment of burned individuals with other 
than an optimal dosage of cortisone could have serious consequences. 
The same procedure as that outlined above wa$ followed in another 
series of experiments in which"intact female mice of the CBA strain were 
subjected to an amount of burned surface which produced 800/0 death in non-
hormone treated animals.. Graded doses of ACTH, from O. 025 mg. to O. 5 
mg., were given immediately after application of the burn. The only dose 
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which provided any degree of protection was the 0.025 mg. dose. Larger 
doses of ACTH, as was the case with cortisone, produced a rate of kill 
greater than that found in the untreated control group. 
The question as to whether pre-treatment with cortisone might lower 
the rate of mortality was also considered. On the basis of other experiments 
(25), it was found that cortisone could be stored in the tissue and be avail-
able for protection of the animal following stress. We assumed that similar 
results might be obtained when thermal burns were the stressing agent. GBA 
mice were adrenalectomized and given graded doses (0. 025 mg. to 0.2 mg. ) 
of cortisone daily for six days. The animals were then burned on the 
seventh day allowing a 24 hour lapse between the last injection and the time 
of burning. No protection against the lethal effects of the burns was found 
among any of the animals given any of the five graded doses of cortisone 
acetate. Thus the results of this experiment indicate that unlike protection 
against anaphlactic shock and histamine administration, pre-treatment with 
cortisone had no effect on the rate of kill. 
Histological studies show that the cells in the inflammatory area im-
mediately after burning the surface of the skin, are predominatelyeosinophils. 
Unlike the early stages of inflammation produced by most phlogogenic agents ~ 
the polymorphonuclear invasion was minor. Actual counts of the number of 
invading cells per mm2 of tissue indicated that the greater the cortisone 
dosage the fewer the eosinophils in the burned area. 
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